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Abstract 
Effects of minimum landing size (LC) in the fishery of Norwegian 
spring-spawning herring have been investigated. The herring is assumed 
to be a unit stock, in which the growth of immatures differs according 
to the distribution area. Two immature stock components are 
distinguished. One distributed in Norwegian coastal waters south o f  
70 degrees north and one off Northern Norway and in the Barents Sea. 
Stock and yield per recruit for two corresponding stock components 
were calculated (ICES standard programmes) using input parameters as 
observed in the respective areas. The weight in catch by age of 
immatures is set equal to that observed in autumn catches (expected 
to be the main fishing season of immatures) whereas the weight in 
catch of adults is the average over the year. The weight by age in the 
stock equals observed weight of prespawners. The maturity ogive by 
component is calculated by using the length dependent maturing scale 
described by Toresen (1986). 
The assessment shows that if this stock is managed at F o a l ,  there is 
little to gain in yield and stock per recruit by introducing a mifimum 
landing size above 20 cm in Norwegian coastal waters (south of 70 N), 
whereas some increase in yield may be obtained in the Barents Sea. 
Introduction 
The Atlanto-Scandian Herring and Capelin Working Group considered the 
effects of a minimum landing size of herring (1,) at its 1985 meeting 
(Anon 1 9 8 6 1 .  Based on an assumed average growth pattern similar to 
that observed in the strong yearclasses 1959 and 1960 and a natural 
mortality rate of 0.13 for all agegroups, the Working Group calculated 
stock and yield per recruit for minimum landing sizes of 20 cm, 25 cm, 
27 cm and 30 cm. The results shoved that some gain could be obtained 
in the potential yield by increasing the minimum landing size from 20 
cm to 25 cm at an exploitation level of F O . , ,  but practically no gain 
in yield can be expected by increasing 1, above 25 cm. The growth 
pattern and natural mortality rate of immature herring may differ 
according to the distribution area of the immatures. The juvenile 
herring off northern Norway and in the Barents Sea has a slower growth 
rate than the juvenile herring distributed on the Norwegian coast 
further to the south. It is also reasonable to assume that natural 
mortality of herring is higher in the Barents Sea than in the coastal 
area due to preadation by cod. The aim of the present paper is to 
investigate the effects of minimum landing sizes of herring for the 
two herring components separately, regarding the two groups of 
immatures to be recruits t o  one unit adult stock. 
Material and methods 
Sustained yield ( Y )  and corresponding spawning stock ( S )  per recruit 
have been calculated by using the ICES standard programmes. The input 
parameters of weight by age, fishing pattern, maturation ogive and 
natural mortality are determined as follows: 
Weight by age 
The weights by age in catch and stock by component are given in Table 
1 .  The weights in catch are calculated mean weight in the catches in 
August-October for herring younger than 6 years and mean weight in the 
catches throughout the year for fish 6 years or older. The weights by 
age in stock are calculated mean weight by age of stock samples from 
the the first three months of the year. 
Fishing pattern 
The programme determines fishing pattern as relative F by age groups. 
The minimum landing size may determines the fraction of an age group 
of immatures being recruited to the catchable stock and the relative F 
is estimated as the proportion of herring within the age groups beeing 
above the 1, . The fishing pattern will therefore depend on the growth 
and is different for the two stock components. The calculated values 
are shown in Table 2. 
Maturity ogive 
The programme calculates mature stock as the sum of the proportions of 
mature herring in all age groups. Toresen (1986) has shown that the 
maturity ogive of herring is length dependent, and therefore depends 
on t h e  growth r a t e .  The p r o p o r t i o n  o f  mature h e r r i n g  by age groups 
have been est imated as i t ' s  p r o p o r t i o n  i n  t h e  spawning s tock  w h i l e  
ma tu r i ng  ( a t  3 ,  4 and 5  years )  r e l a t i v e  t o  i t ' s  p r o p o r t i o n  when f u l l y  
r e c r u i t e d  (mean prop.  a t  6, 7 and 8  yea rs ) .  These p r o p o r t i o n s  v a r i e s  
accord ing  t o  t he  growth o f  t h e  immatures. The i n p u t  f i g u r e s  o f  mature 
h e r r i n g  o f  t h e  c o a s t a l  component a re  es t imated  t o  102, 25%, 60% and 
90Z f o r  t h e  age groups 3  t o  6  r e s p e c t i v e l y  and 100% above 6  years .  For 
t h e  Barents  Sea component t h e  ma tu r i ng  i s  c a l c u l a t e d  t o  be de layed by 
one year .  The f i g u r e s  a re  based on va lues f rom t h e  r e s p e c t i v e  
components o f  t h e  yearc lasses 1959 and 1960. 
N a t u r a l  m o r t a l i t y  
I n  accordance w i t h  t h e  same b a s i c  c o n s i d e r a t i o n  as desc ibed i n  t h e  
Working Group r e p o r t  (Anon. 19861, t h e  e f f e c t s  o f  minimum l a n d i n g  
s i zes  a re  c a l c u l a t e d  f o r  t h e  f o l l o w i n g  va lues o f  M: 
( 1 )  M = 0.15 f o r  a l l  ages i n  b o t h  components; 
( 2 )  M1 = M2 = 0.35 and M>2 = 0.15 i n  bo th  components and ( 3 )  M1 = M 2  = 
0 . 5 0 ,  M3 = 0.35 and M>g = 0.15 i n  The Barents Sea. The M-values o f  
0.35 on j u v e n i l e s  i n  t he  c o a s t a l  component a re  d e r i v e d  f rom a c o u s t i c  
s tock  abundance es t imates ,  whereas t h e  M-values o f  j u v e n i l e  h e r r i n g  i n  
t h e  Barents  Sea a re  judged accord ing  t o  expected p r e d a t i o n  p ressure  
f rom cod. 
Sus ta inab le  y i e l d  ( Y )  and corresponding spawning s tock  (S )  per  r e c r u i t  
as one year o l d s  ( R 1 )  are  c a l c u l a t e d  as f u n c t i o n  o f  F  f o r  1,-values o f  
20 cm, 25 cm, 27 cm (recommended by ACFM) and 30 cm. The r e s u l t s  a re  
shown i n  F igures  1  t o  5. For t h e  coastal. component ( F i g u r e  1 and 2 )  
t h e r e  i s  L i t t l e  t o  g a i n  i n  t h e  Y / R 1  f o r  F-values below 0.5 even i f  M 
on immatures should be as l ow  as 0.15. A r e s t r i c t i o n  on t h e  s m a l l  
h e r r i n g  f i s h e r y  i s  on t h e  o t h e r  hand o f  much more impor tance f o r  t h e  
r e c r u i t m e n t  t o  t h e  spawning s tock .  For F  = 0.5 an i nc rease  i n  1, from 
20 t o  27 cm may double  t he  spawning s tock  i f  M on immature h e r r i n g  
i s  l e s s  than  0.35. 
For The Barents Sea component a  cons iderab le  g a i n  i n  y i e l d  can be 
expected by a  minimum l a n d i n g  s i z e  r e g u l a t i o n  when t h e  e x p l o i t a t i o n  i s  
h i gh .  For F  = 0.5 t h e  g a i n  i n  Y/R1 i s  c a l c u l a t e d  t o  some 30% if the  
e f f e c t i v e  1, i s  inc reased  f rom 20 t o  27 cm i n  t h e  case o f  l ow  M 
( F i g u r e  31, and even i n  t he  case o f  t h e  h i ghes t  M-value ( F i g u r e  5 )  t h e  
g a i n  i n  y i e l d  i s  above 1 5 X .  I n  a d d i t i o n ,  t h i s  r e g u l a t i o n  i s  expected 
t o  i nc rease  t h e  spawning s tock  by some 300%. 
ACFM has as a  gu idL ine  o f  e x p l o i t a t i o n  r a t e  recomended t h a t  h e r r i n g  
s tocks  should  p r e f e r a b l y  be e x p l o i t e d  a t  F O , l  . The e q u i l i b r i u m  s t a t e  
o f  s tock  and y i e l d  per  r e c r u i t  f o r  t h i s  r e f e r e n t  p o i n t  o f  F a re  
summarized i n  Table 3. 
The assessment shows t h a t  i f  t h i s  s tock  i s  f i shed  a t  F O . l ,  t h e r e  i s  
p r a c t i c a l l y  n o t h i n g  t o  g a i n  i n  y i e l d  and s tock  per  r e c r u i t  by 
i n t r o d u c i n g  a  mintmum l a n d i n g  s i z e  above 20 cm i n  Norwegian c o a s t a l  
wa te rs  ( s o u t h  o f  70 N ) ,  whereas some i nc rease  i n  y i e l d  may be 
ob ta ined  i n  t h e  Barents  Sea p rov i ded  t h a t  t h e  M-value on t he  
immatures i s  below 0.35. 
Norway has introduced a 25 cm minimum landing size of herring fished 
0 in her fishery none north of 62 north. Based on the present study it 
seems fair to conclude that this is a sufficient restriction on the 
small herring fishery in case the overall fishing mortality i s  
regulated to a reasonably low level. This fishery is regulated by 
catch quotas and the F is cept below Foa l  . The propost minimum 
landing sine by ACFM of 27 cm is therefore regarded as overcautious. 
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Table 1.  Input parameters of weight (gram) in catch and stock by 
component. 
Tabel 2. Input parameters of fishing pattern by component and minimum 
landing sizes. The figures denote relative Fs by age. 
C = coast 'component 
8 = Barents Sea component 
Table 3. Yield and spawning stock per recruit estimates (gram) at 
F 0 . 1  
Coastal comp. Barents Sea comp. 
FISHING HOTALllY 
Figure  1. Coas t a l  component of Norwegian s p r i n g  spawning 
he r r ing .  Yield  and spawning s t o c k  p e r  r e c r u i t  
(SSB) f o r  20 cn,25 cr1,27 c m  and 30 cm minimum 
l and ing  s i z e .  M=0.15 
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Figure  2 .  Coas t a l  component of Norwegian s p r i n g  spawning 
h e r r i n g .  Y ie ld  and spawning s t o c k  p e r  r e c r u i t  
(SSB) f o r  2 0  cm,25 cm,27 cm and 30 cm minimum 
l and ing  s i z e .  M1=M2=0.35. M3+=0.15 
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Figure 3. Barents Sea component of Norwegian spring spawning 
herring. Yield and spawning stock per recruit 
(SSB) for 20 cm,25 cm,27 cm and 30 cm minimum 
landing size. M=0.15 
FISHING EDTALITY 
Figure 4. Barents Sea component of Norwegian spring spawning 
herring, Yield and spawning stock per recruit 
(SSB) for 20 cm,25 cm,27 cm and 30 cn minimum 
landing size. M1=M2=0.35. M3+=0.15 
FISHING MOTALlTY 
Figure 5. Barents Sea component of Norwegian spring spawning 
herring. Yield and spawning stock per recruit 
(SSB) for 20 cm,25 cr,z,27 cm and 30 cm minimum 
landing size. M1=M2=0.5. M 3- 0.35. M4+=0.15 
